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either jig.! or tllbles would m'Obllbl)' )'Ield 50 to 70 jJoer cent ot washed coal
wlUI nn usli content III tile llclgbborliOOll of 24 per cent.

..As stated before, this test shows that washiug will probably not
impl'OVO the coal of tho lower bench suflieiently to justify the erectioll
of a wasbery and therefore SOlUO olher method must be sought, if this
bench of Ibe eoal is to be utilized at tbe sume time tbat. the upper
beuch is being mined.

As the sulphur content. of the upper Ixmch of the Cumnock coal bed
is too great for the manufacture of metallurgical coke, a washing test of
this COlli was also made by tbe United States Bureau of :Mines at. its
Urballll, rtlinois plant to see if it were possible by ordinary washing
methods to materially reduce tbis elClllellt. Elaborate tests were made
by 110at'1lIld~sink methods, by washing in jigs, and by washing on tables.

'fhe COlli to be tested was crushed to different sizes and subjected
to 11 float~llud-sUlk test on liquids of various densities with the result
that it appears to be entirely feasible to reduce both the su11)hur and
ash by washing processes. The float-and~sink test showed that. with a
solution whose specific gravity is 1.5 the ash could be reduced from
12.7 to 6.5 per oont; the sulphur could be reduced frOIll 2.32 to 1.i6
per centj with a conSC<)uent loss of the sample tested of 9.4 per ceut.

After this preliminary test had been made the 1'8W coal WllS washed
in II jig. This test yielded 87.6 pCI' cent of wllijhed coal, having 7.1
per cent of asll and 1.85 pCI' cent of snlphur. The results of this test
arc very satisfactory, as fal' ItS the ash is eOllcerned, but rather disap
pointing as the percentage of gulphur was not materially reduced. A
table tes~ showed a yield of washed coal of 87.6 per cent, having au ash
content of 7.1 per cent, find a sulphur content'of 1.79 per cent. A table
test of oonl crushed filler than that noted above, yielded 90.0 per cent
of washed coal, having 6.8 per cent of ush and 1.82 per cent of
sulphur.

As these various tests agree vcry closely, it may be said tbat, as far
as a single test on a slllull scale will deturmille, tho COal from the upper
bench of the Cumnock bcd, if subjected to washing in a jig, would hn...·e
its perecutage of nslJ matel'inlly reduced, bnt that, as far liS the
sulphur is concerned, the results htlrdly justify the e:<:pense of the
operation.

'fhe failure to greatly reduce the content of sulphur is explained as
follows:

The general 8Ilmple representing the entire lot ot coal contained 1.52 per
cent of !lyrltlc sulphur and 0.80 per cent of organic SUlllhllr. Tile total sulphnr
content Rmoullted to 2.32 per cent, of which 84.5 per cent was presellt as
organic Rul[lhur and M.l) ller (.-ent us py.-ltle snlphur. Sulphate liul[lll\lr was
not determined as the llllUlysls mndtJ nt the Pittsburg stntlon ot tbe mine
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8a1U1)]es showed n ma:dwulll \'Rllle or only O.O:W per cent. . . . This oon
(HUon Is fHI'orlllJle for u good sulphur reduction, b\lI U Is (:ollulcrbaluuced b~'

tho nncly dlssewlulltcd llllturc of the I)~'rltlc su1llhllr Ilrescllt In the cOllI.

il.th reduction. by Trent proceu.-A finnl attempt to reduce the
percentage of ash in the coal of the lower bench of the Cumnock coal
bed was made by the Tront process-a patented process which, in
certain conl8, will I'educe !he ash very mntol·jullJ iudeoo. The test was
mode at the works of t1l0 company in Alexandria, Virginia.

The Trent process for reducing 8sh in coal, consists in dry puh'criz
iug the coal so that it will go through lOO-mcsh sieve; wctting of the
puh·crizcd material with waleI' from the lup; nIld then tlle addition of
a slllull percentage of standard Navy fuel oil. The oil leuds to unite
with the carboll, freeing tho earthy matter which settles to the bottom.

The sample to be tested, which oousisted of rUIl-of-mino coal from
the lower bench ill the Carolina mine, had the following composition:
moisture, 1.4; volatile matter 29,4; fLxcd carbon 42,0; ash, 27.2. 'rho
so-callcd liamalgam" l'esulting fl'om the combination of the oil and
carbon had the following composition: ,'olatile matter, 48.5 j fixed
carbon, 38.1; ash, 13.4. If this amalgam is then subjccted to low
tcmpcrature distillation until the oil that has been added is driven off,
the rcsultllllt pUI'ificd coal contains ]7.1 per eont of ash.

If the coal wcro treated by this process, the rcsult would be the
so-called amalgam whicb contains about 21.6 per cent of fuel oil ill
addition to tbe finely di"idcd carboll and ash, 01' if the oil were distilled
it would Ica\'e only the finely di"ided carbon and asb. In either form
the product call be lI8Cd as a fuel-if in tho amalgam form with a
content of ash of 13.4 per cent and if ill tho form of dry purified coal
with all ash content of 17.1 per cent.

The reduction of the ash by this process is rather disappointing
and is said to be due to the (uet that the earthy lllaterial is present in
a very nnely divided condition and this mcans thut to reach the CllI'bon
itself, the crushing would have lo be possibly to 200 mcsh which would be
quite expensi,e.

There is no question ubout the effectiveness of this process, but in
ccrtuuI cases the reduction ill the flsb is lIot nearly so mnrked as ill
others. The operator considering this process should calenlute closely
tho oost of separating this bench of coni from the upper bench, its
crushing down to the required degree of fineness and finally the market
ing of tbe product, either in the form of oil-nmalgam, powdered fuel,
or briquettes made fl'om the powdered material.
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POSSlBlLl'flES OF PETROLEUM IN TilE DEEt> RIVER FlELD

If:uch speculation }1:\8 bcen indulged in hero as well I1S in other
States erosscd by the belt of rocks of Triassic age as to the possibility of
obtaining oil or gas from the sandstone which forms such a larf,"C
proportion of their bulk. Many reports are current regarding so-called
oil seeps and gas is 8UPI~ to bubble up through tho wator in many
of the IItrcams. The writers examined a number or these localities
supposed to show signs of oil, but nOlle was soon, though the oxide of
iron which gencrall,}' forms an iridcsccnt scum on stagnant water was
soon at a number of plnces. PerSOllS finding sllch all iridescent SCUIll

011 watcr Illny casily lest it by stirring the watcr with a stick. If the
SClUll can be drawn out and stil'l'cd into whol'ls without breaking, it is
probably oil of sOllle kind, but if it is brittle und brenks when stirred,
it is oxide of iron and worthlcss.

As there are apparently no signs of petroleum at the surfaee, the
nen step in the illYcstigation is to study the rocks of the region to
see if the conditions, which by long experience geologists have come
to regard as essential. arc present or not. for in many of the well known
oil fields thero were absolutely 110 surface indieationS" of the presence
of oil or gus before drilling began. In conducting the geologic study
of the possibility of oil pools there are four clements that enter into
the problem. These nre: (1) the presence of J'ocks of such n character
that the,f 1I13y have served as the place of origin 01' source of oil 01'

gus; (2) porous sandstones or limestones into which the oil when
fonned. call collect; (3) u geologic slruchlre or fold of such a characler
that it will trap the oil and gas as they migrate through the porous
rock; and (4) a nonporous shale or clay above the sundston.! to seal in
its oily contents and prevent their escupe.

(1) As petroleum has been derived largely, if not. wbolly, from
organic rcmains which were buried in thc mud or sund that now form
the country rock, it will be necessary to find n faidy thick formation
wh.ieh contains fossil I'cmains in ubundnncc. All of the Newark rock"
of the Deep River Field appear to llu"e becn laid down in fresh water
or on the la.nd, hence they do not conlain a mariJlC fauna from which
the oil could have been derived. The presence of beds of coal and some
black shale are indications of abundant vegetal growth, but in aU
except the Cumnock formation the Olnterials are 80 coarse that air
could easily have I"Csche<! the enclosed vegetal matter and cause its
destruction. The black shale and coal of the Cumnock formation would
probably supply some material for the formation of oil, but the volwue
of sllch shnle and coal is so small that tho amount of oil tbat lllny havo
been produced from them in thc past is negligible, It is true that
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some layers of the shale arc quite rich in bituminous malm,jal, and
that at on6 time there was a manufacturing plant in operation at
Farmville for the distillation of oil from the Ebale and coal, but, as
described on a previous page. the Cumnock formation is in many parts
of the field apparently thin and in places is appnrcnUy replaced by
red cOllglomerate, and consequently the volume of possible oil-producing
shale is smnll. On accollnt of this replacement toward the southeast,
the part of tile field most pl'omisLng, as n source of oil, is about Cumuock
aud Gulf where UIO formation is thickest nnd contains the most bitu
minous material. But here erosion has cut deeply into the formation
without exposing any trace of the coveted substances.

(2) There are many beds of porous sandstone in the Cumnock fonna
tion. where it is well developed. tbat might sen'e as reservoirs for
oil or gas, and even in the overlying Sanford formation there are
coarse brown sandstones that might serve a similnr purpose, if other
cOl1(litiolls werc favornble.

(3) Wide expcrience of petroleum geologists all ovcr the world has
demonstrated that about 90 per cent of the oil is found in nnticlines
or arches in the rocks, hence the 6.rst thing the oil geologist does is
to look for such structures. .As stated previonsly there are few known
anticlines in this field. In general the rocks have been depressed into
basins or troughs rather than raised into anticlines or arches. Thus the
Carthage lind the Corinlh troughs are both c55entiaUy synclinal in
structurc, although ill each elise the scyclinc is not complete hoonuse of
the grcnt fault along the soutllcnst side. On account of this structure
neither basin nor trough can be considered a favorable place to drill for
oil. As dcscribed previously these U'oughs are united by a cross-anti
cline at Colon, but this fold has raised the formation so high that the
Cumnock fonnation crops out at the surface as far eust as Colon, hence
there are scarcely any rocks below the surface on this anticline that
might be considered as sourccs of oil or gas. Another disturbing factor
in this antielino is the possibility, if not probability that it is broken
along its crest, by a fault which follows the syatom of dikes north to
Colon and thcre turns to the northwestward to the margin of the
field. Altoget.her the Colon cross-anticline does 1I0t seem promising
from a geological point of view.

In referring to anticlines as the most favorable rock structures
for holding accumulations of oil or gas. it mU!lt be understood that this
statement applies only to rocks that are saturated with water nnd that
ill dry rocks the oil aecumulales, jf it accumulates at all, in very different
places. This is illustrated by Fig. 7, which is supposed to be u cross~

section representing the rocks as they would appear in the side of
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•
t"o. 7. Dillgrlln, abo... lng ronn or on pool. In an nnUcllne,

u dccJl trench cutting an au~icline and a synclinc, .A. B rcprcscnts u
moderately coarse Jlorous sandstone which is the reservoir rock, C D
is the overlying impervious shale which ser\'CS as a bl:mket llnd retains
lllly fluid that OIlIY be in t.he resen·oir rock. As water is henvier than
oil and as both of these substnnces nrc heavier than gas, the three will
nrraoge themselves, under the influcnce of gravity, in the order shown
ill the figul'e, gas at the top, oil next lowel' in the anticline, and thcn
watel' occup,ring almost all of the synclinnl fold. 1£ a well is drilled
at a it will cncounter gns; nt b, oil; ltnd at c, walel'. III somc casQI!
thero is little or no gas and then the oil is forced into the crown of the
arch and a well drilled at II would strike oil.

If the rocks are oot saturated with water, then there is 110 force
to dri\'e the hydrocarbons into tbe anticline, and, under the pull of
gfllvity, the oil would tend to migrate toward the bottom of the syncline
at E. Such cases are seldom lIlet with, but some of tho oil pools in
western Pennsylvnnia lIl'C in dl'y rocks Hnd the oil, though much dis
sc.millated in tho reservoir I'ocks, appears to be slowly migrating down
ward, bnt is arrested loeaUy by dellscr portions of the sandstone and
small pools Oil the limbs of the syncline llre of common occurrence, H
the oil is not trapped by barriers of dense rock, it finally reached the
bottom of the syneline, but a pool ill such n situation is rare indeed,

(4) The different beds of the formations in this fillld are not well
cnough known to enablo olle to suy positively that allY gi\'ell porous
Slilldston6 is ovcrlain by II lion porous s11l11c, bllt generally the succession
of shale and sandstone is the rule lind it is probable that most porous
sandstones haye a shale cap. So far as this element of the problem
is concerned, it may be taken for granted that it is favorable.

In addition to the elements of the oil problem enumerated above,
geologists are 1I0W coming to acknowledge a fifth element in the degree
of metamorphism which has affected the rocks and which is apparently
all important in determining in advance of dl'illing or even geologic
investigation whether 01' not thcre is a possibility of obtaining oil if It

weB wel'e drilled, Metamorphism means change and changes ill tho
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rocks are induced by crustal mO\'eIllcnts. probably accompanied by the
devclopment of scllsible 11cat, Wl1Cll I'oeks have been squeezed to such
un e.xtent us to produce hcal, their condition IUid c.harnctcr have been
changed SO that the geologist has little difficulty in recognizing the
marks of this change und he can pronouuce at once on the general
qucstion of whcther or 1I0t the rocks are liuble to contain oil. Thus
the crystalline scllist and slate underlying the Newark rocks bcar all
the car-marks of having been greatly metnlllol'puosed and no gcologist
would considcr for a moment the possibility of their containing oil.
except possibly very locally, where oil may ha\'e recently migrated into
them from some adjacent oil-sand. The Newark rocks. 011 the other
hand. on casunl inspection, show no signs of having been aHcctod by
hent or pl'CSSurC, but such a test is not always satisfactory, because in
the incipient stages of change there is littlc outward effect apparent.
The most satisfactory indication of metamorphism is the condition of
the coal as sbown by a cbemicnl analysis (pp. 82 lind 83). Tho com
pnrison of many coal nnnlysCll in tho Appaluchinn region shows that
the gl'cat oil pools nrc found wherc the fUed carbon in the coni in tbe
C form (1I(le table of llnalyses) is less than 60 and that little if ar.y
oil is found where the fixed carbon is more thun 65 per cent. The
fixed carbon in the Deep River coals ranges in tIle C form from 62,4 to

64.9, hellce the rocks nrc metlllllorphosed to sueh nn extcnt that it is
doubtful if any oil I'clllllins, gl'lI11ting that it forlllCl'ly existed ill tbe
rocks. It seems certain that no oil IlOOl of consequence wonld O\'or be
found ill these rocks. but the chance for finding natural gas is much
better than tbat for finding oil,

The rclution of the dikes to tho possible occurrence of oil has already
been mentioned (p, 48), but it is worth repellting hel'o for the benefit of
those who may be tempted to drill lest wells in lbis field, The dikes
act as barriers to the circulation of watcr and the inhabitants ba\'e
lOllg ago learned that the most favorable place to find a supply of
wnler is Ilcar a dike. If the dike scrves as II balTier to tIle circulation
of watcr, it doubtleS3 would SCI'\'e the sume purpose to the circuilltion of
oil, and hence, if tbere is any oil in tbe rocks, it would be liable to
accumulate near the dike and a weU located in such a position as to
pcnetrate the oil sand Ilear a dike would be much moro likely to be
successful than would one located at II distance from a dike, As many
of the dikes arc doubtless inclined olle wILy 01' the other, it would be
impossible to determine the exllct distance from the dike on the surface
at whieh a well should be located 80 Il8 to penetrate a given sand close
to the dike. but an attempt should be made to secure tws sort of a
location,
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aonclll~ions,-FrOll1 n geological point of view, tile wl'iters have no
hesitation in saying that nIl of the evidence they wero able to collect
in tho field, bearing on this qucstion, is of n ncgative character, The
thinness of strata bearing organic matcrial and its apparent restriction
to the northwcstern margin of tbe troughs makes it impossible to
conceive of it as a possiblo source of a commercial quantity of oil.
But c\'en if \\'0 grnnt that lit somo time in tho pusl, oil mny luwc been
distillcd from tho organic material cutombed in the rocks, there IIrc
foil', if any, allticlincs ill which it may havc acculllulated, lind without
such structures tho volatile cOl1slituCllts of the oil havo bad ample
opportunity to escape through tho coarse conglomerate which composes
most of the Kewark group.

As, however, many of the citizells of this field would like to see a
deep well drilled 80 us to settle thc questioll regarding the presence
or absence of petroleum, the writers were on the lookout throughout the
time spent in tbe field for n location that might be considered the best,
from II geological point of view, to drill n test woll, but after Jnatul'C
consideration of nil of the fncts that wcre obtlli.lled they regard all
locations as unfavorable aud are unable to say that anyone location is
more b\'ornble than another. No one, even the most experienced
geologist can say positivcly that oil does not occur in these rocks, but
they can say that all of the facts obtainable are of a negative character,
snd that in their opinion it is IIOt wonh spending time or money in
prospecting where conditions appenr to be so unfavorable.

Sometimes thc dl'illing of It tClll well will satisfy public opinion
regarding the pl'CllCllCe or absence of petroleum much bettcr than tlJc
opinion of the most eminent geologist, but in such a case IlB the Deep
Rh'cr Coal Field, where thcre is no pronounced anticline, one well would
test only the possibilities in its immediate \'ieinity, but would tell noth
ing about oil P9ssibilities iu the territory surrounding the well. Under
such conditions, it would require many wells, unless the driller were
fortunate enough to strike oil ill his first or second venture. Altogether
the adequate testing of this field lIlight provo to be very cxpcll.8ivc,
with no returns, and in such an event it would have boon much better
to spend the money in building good roads or in improving the soil,
or ill some euterprise that would redound to the benefit of the entirc
community, rather than in a hole in the ground that yielded nothing.






